THIN FILM MAGNETIC HEAD AND MAGNETIC DISK APPARATUS 

INCLUDING THE SAME 
This is a division of application number 09/354,467 filed 
15 July 1999. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a thin film 
magnetic recording/reproducing head used for a magnetic 
disk apparatus, and a magnetic disk apparatus or 
recording/reproducing apparatus including the same. 
Description of the Related Art 

In a magnetic disk apparatus, data are written or 
read on or from a recording medium or magnetic disk by a 
magnetic head. To increase a recording capacity per unit 
area of a magnetic disk, an areal recording density is 
required to be enhanced. The areal recording density can 
be enhanced by increasing a track density and a linear 
recording density. To increase the track density of the 
above two factors for enhancing the areal recording density, 
the track width of the magnetic head is required to be made 
fine and precise. As the track width becomes narrower, a 
reproducing output becomes smaller, and therefore, to 
attain a narrower track width, a reproducing head is 
required to be changed from a MR (Magneto-resistive) head 
having been extensively available at present to a GMR 
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(Giant Magneto-resistive) head. 

To form a magnetic core, including a track portion, 
of a recording head, a process using dry etching such as 
ion milling or a process using frame plating has been 
5 widely used. 

A process of forming an upper magnetic core by using 
dry etching such as ion milling is performed by forming a 
magnetic film made from permalloy or the like by 
sputtering; forming a resist pattern on the magnetic film 
10 by photo-lithography; and selectively removing the magnetic 
film by dry etching such as ion milling by use of the 
resist pattern as a mask. 

On the other hand, the process of forming an upper 
magnetic core by frame plating is performed by forming an 
15 undercoat for plating on a substrate; forming a resist 
frame on the substrate by photo-lithography; plating the 
substrate, on which the frame has been formed, with a 
magnetic material such as permalloy to form a magnetic 
film; masking a region surrounded with the frame with a 
20 resist by photo-lithography; and removing an unnecessary 
portion of the magnetic film by wet etching. 

To increase the recording density of a magnetic disk 
apparatus, as described above, the track width of a 
magnetic head is required to be made fine and precise. On 
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the other hand, to avoid magnetic saturation at a track 
portion located at the end of an upper magnetic core of a 
magnetic head, the thickness of the upper magnetic core is 
required to be made as large as being in a range of 2 ju m 
5 to several /JL m. The upper magnetic core having such a 
large thickness, however, cannot be accurately formed by 
the process using dry etching such as ion milling. This is 
because a variation in dimension of a resist pattern formed 
by photo-lithography is added to a variation in dimension 

10 of a magnetic film caused upon dry etching of the magnetic 
film using the resist pattern as a mask. On the contrary, 
the above magnetic core having the large thickness can be 
accurately formed by the process using frame plating. This 
is because a variation in dimension of a resist frame 

15 becomes a variation in dimension of the magnetic film for 
forming the upper magnetic core as it is . Accordingly the 
process using frame plating is superior in dimensional 
accuracy to the process using dry etching such as ion 
milling. 

20 Since the thickness of a resist used as a resist 

frame must be larger than a plating thickness, it is 
required to be significantly larger than a film thickness 
used for fabrication of a semiconductor device, that is, 
about 1 JJL m, more concretely, in a range of at least 2-3 JUL 
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m to 10 urn. In a mirror projection aligner or a stepper 
as an exposure system, the resolution (R) of the resist 
pattern is expressed by 
R = k x • A/NA 

5 where k 2 is a constant, NA is the numerical aperture of a 
lens, and A is a wavelength of exposure light. Also the 
depth of focus (DOF) of the above exposure system is 
expressed by 

DOF = k 2 ■ A/NA 2 
10 where k 2 is a constant. 

As is apparent from these equations, to increase the 
resolution, the wavelength of exposure light may be 
shortened and the numerical aperture of the lens be 
increased; however, in this case, the depth of focus 
15 becomes shallower. Consequently, to make fine the resist 
pattern, it is required to make thin the thickness of the 
resist as well as shorten the wavelength of exposure light 
and increase the numerical aperture of the lens. 
Alternatively, to obtain a necessary depth of focus with 
20 the resolution fixed, it is required to shorten the 
wavelength of exposure light and reduce the numerical 
aperture of the lens. In the case of using a widely 
available high pressure mercury lamp as a light source, if 
exposure is performed using g-line (wavelength: 436 nm) , 
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resolution up to 2.0 jj. m can be attained for the resist 
having a thickness of 8 /zm; and if exposure is performed 
using i-line (wavelength: 365 nm), resolution up to 1.3 p. m 
can be attained for the resist having the thickness of 8 /i 
5 m. In the case of using i-line for exposure, resolution up 
to 0.5 U m can be attained by thinning the resist to 1 jul m 
or less. The resist having a thickness of 1 fi m or less, 
however, is too thin to be used for a resist frame, and 
therefore, such a resist cannot be used for formation of a 
10 magnetic core. 

Japanese Patent Laid-open No. Hei 7-296328 discloses 
a method of defining a track width of a recording head by 
forming a resist layer having a thickness ranging from 0.7 
to 0.8 ju m on a Si0 2 (silicon dioxide) film, forming a 
15 notch structure by selectively etching the Si0 2 film using 
the resist layer as a mask, and forming a magnetic film in 
the notch structure. The method disclosed in this document, 
however, is poor in dimensional accuracy because etching is 
performed using the resist pattern as a mask. That is to 
20 say, a variation in dimension of the resist pattern is 
added to a variation in dimension of the notch structure 
formed by etching. Another problem of this method is that 
a magnetic pole end of an upper magnetic pole layer is 
emerged at the face, opposed to a medium, of a magnetic 
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core, and accordingly a magnetic flux leaked from the 
magnetic pole end of the upper magnetic pole layer may 
write or erase signals, to thereby enlarge an effective 
track width. 

5 To solve the above problem, it may be considered to 

form the upper magnetic pole layer by frame plating in such 
a manner as to prevent the magnetic pole end of the upper 
magnetic pole layer from being emerged at the face, opposed 
to a medium, of the magnetic core; however, in this case, 

10 there arises a problem that it is difficult to accurately 
form a frame for plating because of halation from a coil 
insulating film as shown in Fig. 1.. Fig. 1. shows that a 
positive-type photo-resist layer 3 is exposed by reflected 
light from a insulating film 2 on a predetermined substrate 

15 10. In fig. 1., numeral 1 designates a conductive coil. 

This reflection light causes the above-said halation of the 
positive-type resist layer. 

To cope with such an inconvenience, Japanese Patent Laid- 
open No. Hei 6-20227 discloses a method of forming a frame 
20 for a rear portion of a magnetic core using a negative 
resist . 

In the invention disclosed in Japanese Patent Laid- 
open No. Hei 6-20227, however, since a end portion of the 
magnetic core is formed after formation of a stepped 
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portion of the coil insulating film, the thickness of the 
resist becomes large at the stepped portion of the coil 
insulating film, and thereby it is difficult to form the 
resist pattern of about 1.5 //m. Also when the track width 
5 is made as narrow as about 1.5 /im, magnetic saturation 

occurs at the narrow portion, to cause a problem that it is 
difficult for a magnetic field to be emerged to the face, 
opposed to a medium, of the magnetic core. Further, to 
- enhance the data transfer speed of a magnetic disk 

; 10 apparatus, it is required to improve characteristics of a 
recording head at a high frequency, and to meet such a 
requirement, it is necessary to most suitably select a 
material used for the upper magnetic core, more concretely, 
such that the magnetic domain is directed in the track 
15 width direction and the resistivity is increased to reduce 
an eddy current loss. On the other hand, to avoid 
occurrence of magnetic saturation at the end portion of the 
magnetic core as described above, it is required to use a 
material having a high magnetic saturation density. 
20 Eventually, it is difficult to select a material capable of 
satisfying these requirements. 

For this reason, conventionally, there have been not 
manufactured yet a recording/reproduction separation type 
thin film magnetic head having a narrow track width of 1.5 



/zm or less or capable of keeping up with data transfer at 
a high speed, and a magnetic disk apparatus including such 
a thin film magnetic head and exhibiting an areal recording 
density of 5 Gbit/in 2 or more. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
magnetic disk apparatus exhibiting an areal recording 
density of 5 Gbit/in 2 or more by using a 

recording/reproduction separation type thin film magnetic 
head having a narrow track width of 1 p. m or less or 
capable of keeping up with data transfer at a high speed. 

To achieve the above object, according to the 
present invention, there is provided a magnetic 
recording/reproducing apparatus exhibiting an areal 
recording density of 5 Gbit/in 2 or more, on which a 
magnetic recording/reproducing head portion is mounted, 
said magnetic recording/reproducing head comprising: a 
reproducing head portion using a giant magneto-resistive 
film; and a thin film magnetic recording head including an 
upper magnetic core having a end portion and a rear portion, 
wherein the front end of a connection area in which said 
end portion is connected to said rear portion is located 
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between the face, opposed to a medium, of said upper 
magnetic core and a position, defining a gap depth, of said 
upper magnetic core. 

To achieve the above object, according to the 
5 present invention, furthermore, there is provided a 
magnetic disk apparatus exhibiting an areal recording 
density of 5 Gbit/in 2 or more, including a reproducing head 
portion configured as a GMR head; and a thin film magnetic 
recording head having an upper magnetic core 21 
10 including a end portion and a rear portion; wherein the 

upper magnetic core is specified such that the track width 
is 1.5 fJ. m or less; the end portion projects from the rear 
portion toward the face opposed to a medium; and the front 
end of a connection area in which the end portion is 
15 connected to the rear portion is located between the face 
opposed to the medium and a position defining a gap depth. 

According to the present invention, there is also 
provided a magnetic disk apparatus exhibiting a transfer 
speed of 50 MHz or more, including a reproducing head 
20 configured as a MR head or a GMR head; and a thin film 
magnetic recording head having an upper magnetic core 
including a end portion and a rear portion; wherein the 
upper magnetic core is specified such that the front end of 
a connection area in which the end portion is connected to 
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the rear portion is located between the face opposed to the 
medium and a position defining a gap depth. 

In the above thin film magnetic recording head, the 
rear portion of the upper magnetic core may be formed by 
5 frame plating and a frame used for frame plating may be 
formed of a negative resist or an electron beam resist. 

The end portion of the upper magnetic core may be 
formed of a magnetic film having a saturation magnetic 
induction flux density (Bs) of 1.5 T or more. The 
10 saturation magnetic induction flux density of the rear 
portion may be different from that of the end portion. 

The upper magnetic core is preferably produced by 
forming the end portion, covering the end portion with a 
non-magnetic protective film, and removing the non-magnetic 
15 protective film from above until the upper magnetic core is 
exposed, to magnetically connect the end portion to the 
rear portion. The removal of the non-magnetic protective 
film may be performed by polishing or etch-back using dry 
etching. 

20 The above etch-back using dry etching may be 

performed by using one or more kinds of gases selected from 
a group of CF 4 , C 4 H 8 , CHF 3 , BC1 3 , Cl 2 , SiCl 4 , Ne, Ar, Kr, and 
Xe. 



BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a schematic view, on an arbitrarily 
enlarged scale, showing a state in which halation occurs 
upon formation of a frame using a positive resist; 

Fig. 2 is a schematic view, on an arbitrarily- 
enlarged scale, showing a state in which halation occurs 
upon formation of a frame using a negative resist; 

Fig. 3 is a schematic view, on an arbitrarily 
enlarged scale, showing the conception of a magnetic disk 
apparatus ; 

Fig. 4 is a schematic view, on an arbitrarily 
enlarged scale, showing a related art magnetic disk 
apparatus ; 

Figs. 5(a) to 5(d) are schematic sectional views, on 
an arbitrarily scale, illustrating sequential steps of 
manufacturing a magnetic head according to one embodiment 
of the present invention; 

Fig. 6 is a schematic sectional view, on an 
arbitrarily scale, of the magnetic head according to the 
embodiment of the present invention; and 

Fig. 7 is a schematic sectional view, on an 
arbitrarily scale, of the magnetic head according to the 
embodiment of the present invention. 



DETAILED DESCRIPTION 
To increase the recording density of a magnetic disk 
apparatus, as described above, it is required to attain a 
narrow track width of a magnetic head, and to satisfy such 
a requirement, it is necessary to form a fine resist 
pattern. To form a fine resist pattern, the wavelength of 
light for exposure of the resist has been shortened. For 
example, the exposure light has been changed from g-line 
(wavelength: 436 nm) to i-line (wavelength: 365 nm) of the 
mercury lamp, and further changed to KrF excimer laser 
(wavelength: 248 nm) . As described above, to ensure a 
desired depth of focus with a specific resolution, it is 
necessary to shorten the wavelength of light for exposure 
and to reduce the numerical aperture (NA) ; however, it is 
difficult to form a pattern of 0.5 U m required for 
formation of an upper magnetic core having a narrow track 
width by using a resist having a thickness of 3 jU m or more. 
To cope with such an inconvenience, it may be considered to 
produce the upper magnetic core by previously forming only 
a end portion of the upper magnetic core and subsequently 
forming a rear portion thereof; however, in this case, if 
the rear portion is emerged at the face, opposed to a 
medium, of the upper magnetic core, there occurs a problem 
that a magnetic field leaked from the emerged portion may 



- 13 - 



write or erase signals. And, in the case of forming the 
rear portion of the upper magnetic core by frame plating in 
such a manner as to prevent the rear portion from being 
emerged at the face opposed to a medium, there arises a 
5 problem that it is difficult to accurately form a frame for 
plating because of halation from a coil insulating film. 
Fig. 1 schematically shows the state in which halation 
occurs upon formation of a frame using a positive resist. 

It has been found that the problem associated with 
10 halation can be solved by using a negative resist or an 
electron beam resist for forming a frame used for forming 
the rear portion of the upper magnetic core. For the 
negative resist, a resist pattern irradiated with light 
remains. Accordingly, in the case of forming a frame by 
15 using the negative resist, a portion to be taken as a frame 
is irradiated with light, and thereby the light reflected 
from a tilted surface portion of the coil insulating film 
is not impinged on the portion to be taken as the frame, 
with a result that there does not occur the problem that 
20 the frame is hollowed as shown in Fig. 1. Such a state in 
which the frame is formed by using the negative type resist 
4 is schematically shown in Fig. 2.. In Fig. 2., numerals 1, 
2, and 10 show the same parts respectively as in Fig. 1.. 
As the above negative resist, there may be used a resist 



sold, for example, by Tokyo Ohka Kogyou Co., Ltd. under the 
trade name of TSMR-iNOlO. In the case of using the 
electron beam resist, since the migration distance of 
electrons reflected from the tilted surface portion of the 
coil insulating film is short, even if the electron beam 
resist is of a positive type, there does not occur the 
above problem associated with constriction of the frame, 
and if it is of a negative type, the frame can be of course 
formed with no problem for the above-described reason. As 
the electron beam resist, there may be used a resist sold, 
for example, by Shipley Far East Ltd. under the trade name 
of SAL601. 

The end portion of the upper magnetic core may be 
formed by the related art frame plating process. In this 
case, since exposure is made in a state with no stepped 
portion of the coil insulating film, the frame 
corresponding to the track width of 1 ja m or less can be 
formed with no problem of halation. 

Further, when the track width is made as narrow as 
about 1 £im, since magnetic saturation occurs at the end 
portion, a magnetic field is less emerged to the face 
opposed to a medium. To solve such a problem, it may be 
desirable to enlarge the cross-section of the rear portion 
of the upper magnetic core; and to make a connection area 



in which the end portion is connected to the rear portion 
closer to the face opposed to a medium, more concretely, to 
locate the front end of the connection area between the 
face opposed to the medium and a position defining a gap 
depth. 

A protective film used for covering the end portion 
of the upper magnetic core once may be formed from Al 2 0 3 or 
Si0 2 by usual sputtering. Further, to expose the surface of 
the end portion for magnetically connecting the end portion 
to the rear portion of the upper magnetic core, the 
protective film may be removed by polishing, such as, CMP 
(Chemical Mechanical Polishing) or by forming a resist film 
on the protective film, flattening the resist film by 
baking, and etch-back the resist and the protective film at 
an equal rate by ion milling or RIE (Reactive Ion Etching) . 
The etch-back may be performed by using one or more kinds 
selected from CF 4 , C 4 F 8 , CHF 3 , BC1 3 , Cl 2 , SiCl 4 , Ne, Ar, Kr, 
and Xe. For example, in the case of etch-back the 
protective film made from Al 2 0 3 , there may be used a mixed 
gas of CHF 3 and Ar or BC1 3 , and in the case of etch-back the 
protective film made from Si0 2 , there may be used CF 4 . As 
an etching system, a system including a high density plasma 
source, which is capable of realizing high rate etching and 
improving the throughput, is superior to a usual parallel 
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plate RIE system. For example, an ECR (Electron Cyclotron 
Resonance), ICP (Inductively Coupled Plasma), or helicon 
wave plasma type system may be used as the etching system 
having a high density plasma source. Either of these 
5 systems can realize high rate etching being about 10 times 
that of the usual parallel plate RIE system. 

As a giant magneto-resistive film, there has been 
known, for example, a multi-layered film type using a 
multi-layer film such as Fe/Cr; a spin-valve type in which 
10 a non-magnetic film made from Cu or the like is held 
between magnetic films made from Co or NiFe and 
magnetization of one of the upper and lower magnetic films 
is fixed by an anti-ferromagnetic film made from FeMn or 
the like; or a tunneling magneto-resistive type in which an 
15 insulating non-magnetic film made from A1 2 0 3 or the like is 
held between magnetic films made from Co or NiFe and 
magnetization of one of the upper and lower magnetic films 
is fixed by an anti-ferromagnetic film made from FeMn or 
the like. In the reproducing head using such a giant 
20 magneto-resistive film, the track width is made narrow by 
making narrow a gap between electrodes disposed on the 
giant magneto-resistive film. At present, the gap between 
the electrodes is formed by a lift-off process; however, 
the track width obtained by lift-off is limited to 0.7 ju m, 



and to obtain the track width narrower than 0.7 jilm r the 
track width must be formed by RIE. In addition, the 
electrode is made from a high melting point metal such as 
Ta or W. 

To form a magnetic core, including a track portion, 
of a recording head, a process using dry etching such as 
ion milling or a process using frame plating has been 
widely used. 

A process of forming an upper magnetic core by using 
dry etching such as ion milling is performed by forming a 
magnetic film made from permalloy or the like by 
sputtering; forming a resist pattern on the magnetic film 
by photo-lithography; and selectively removing the magnetic 
film by dry etching such as ion milling by use of the 
resist pattern as a mask. 

On the other hand, the process of forming an upper 
magnetic core by frame plating is performed by forming an 
undercoat for plating on a substrate; forming a resist 
frame on the substrate by photo-lithography; plating the 
substrate, on which the frame has been formed, with a 
magnetic material such as permalloy to form a magnetic 
film; masking a region surrounded with the frame with a 
resist by photo-lithography; and removing an unnecessary 
portion of the magnetic film by wet etching. 
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To increase the recording density of a magnetic disk 
apparatus, as described above, the track width of a 
magnetic head is required to be made fine and precise. On 
the other hand, to avoid magnetic saturation at a track 
5 portion located at the end of an upper magnetic core of a 
magnetic head, the thickness of the upper magnetic core is 
required to be made as large as being in a range of 2 /im 
to several jll m. However, as the track width becomes 
narrower, a reproducing output becomes smaller, and 
10 therefore, to attain a narrower track width, a reproducing 
head is required to be changed from a MR (Magneto- 
resistive) head having been extensively available at 
present to a GMR (Giant Magneto-resistive) head. As a 
giant magneto-resistive film, there has been known, for 
15 example, a multi-layered film type using a multi-layer film 
such as Fe/Cr; a spin-valve type in which a non-magnetic 
film made from Cu or the like is held between magnetic 
films made from Co or NiFe and magnetization of one of the 
upper and lower magnetic films is fixed by an anti- 
20 ferromagnetic film made from FeMn or the like; or a 

tunneling magneto-resistive type in which an insulating 
non-magnetic film made from Al 2 0 3 or the like is held 
between magnetic films made from Co or NiFe and 
magnetization of one of the upper and lower magnetic films 
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is fixed by an anti-ferromagnetic film made from FeMn or 
the like. In the reproducing head using such a giant 
magneto-resistive film, the track width is made narrow by 
making narrow a gap between electrodes disposed on the 
5 giant magneto-resistive film. At present, the gap between 
the electrodes is formed by a lift-off process; however, 
the track width obtained by lift-off is limited to 0.7 JUL m, 
and to obtain the track width narrower than 0.7 fJL m, the 
track width must be formed by RIE. In addition, the 
10 electrode is made from a high melting point metal such as 
Ta or W. 

Hereinafter, the present invention will be more 
fully described with reference to the drawings. Fig. 3 is 
a schematic view, on an arbitrarily enlarged scale, showing 

15 the conception of a magnetic disk apparatus according to 
one embodiment of the present invention. In the magnetic 
disk apparatus, signals 14 are recorded or reproduced on or 
from a magnetic disk 11 by a magnetic head 13 fixed at the 
end of a support 12. Fig. 7 schematically shows a 

20 recording/reproduction separation type magnetic head having 
a structure in which a recording head is stacked on a 
reproducing head using a giant magneto-resistive effective 
film 15. In Fig. 7., numeral 1 designates a coil, 2 an 
insulator, 15 a GMR film, 16 lead, 21 an end portion of a 
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magnetic core (upper), 23 a rear portion of a magnetic 
core(upper), 10 substrate(and shield(lower) 18), and 19 
shield( upper ) . 

Fig. 4 schematically shows a conventional 
recording/reproduction separation type magnetic head having 
a structure in which a recording head is stacked on a 
reproducing head using a giant magneto-resistive effective 
film 15 as compared with the example of the present 
invention shown in Fig. 7. In Fig. 4., numeral 1 designates 
a coil, 2 an insulator, 15 GMR film, 16 electrode, 17 a 
magnetic core(upper), 18 substrate, and 19 shield ( upper) . 

The process of manufacturing such a magnetic head 
will be described below. Figs. 5(a) to 5(d) show steps of 
forming a end portion of an upper magnetic core, forming a 
protective film to cover the end portion, and etch-back the 
protective film. After a reproducing head having a shield 
serving as a lower magnetic core of a recording head was 
formed, a gap film for the recording head was formed and 
then a frame for forming a end portion 21 of an upper 
magnetic core was formed. A film of CoNiFe having a 
saturation magnetic induction flux density (Bs) of 1.6 T 
was formed by plating using the frame, to form the end 
portion 21. Such a state is shown in Fig. 5(a). It should 
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be noted that the reproducing head portion is omitted in 
Fig. 5(a). 

In Figs. 5(a) to 5(d), numeral 19 designates a 
shield ( upper ) , 20 a magnetic gap(that is a gap layer), 21 
5 an end portion of an upper magnetic core, 22 a protective 
layer, and 23 a rear portion of a magnetic core(upper). 

A protective film 22 made from Al 2 0 3 was formed by 
sputtering as shown in Fig. 5(b). To ensure a desirable 
step coverage, sputtering may be performed by applying a 
10 bias to the substrate. As shown in Fig. 5(c), the 

protective film 22 was coated with a resist, and the entire 
surface of the resist was irradiated with ultraviolet lines 
and baked at 150°C to flatten the surface of the resist 23. 
As shown in Fig. 5(d), the resist 23 and the protective 
15 film 22 were etched at the same etching rate, to expose the 
surface of the previously formed end portion 21 from the 
protective film 22 by RIE using BC1 3 . The surface of the 
end portion 21 may be of course exposed by polishing such 
as CMP. 

20 After a coil and an insulating film were formed, a 

negative resist (trade name: TSMR-iNOlO) was applied to a 
thickness of 8 ju m by spin-coating performed at a rotating 
speed of 1000 rpm. The resist was then subjected to 
exposure by an i-line stepper and development, to form a 
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frame pattern. Since the frame is made from the negative 
resist, there does not occur any halation upon formation of 
the frame. As a result, there was obtained the frame 
having a side surface upstanding at right angles. Then, a 
film of NiFe having a saturation magnetic induction flux 
density (Bs) of 1.0 T was applied, to form a rear portion 
of an upper magnetic core. Electrode terminals were then 
formed and the substrate was processed, to obtain a 
magnetic head. Fig. 6 is a schematic sectional view, on an 
arbitrarily enlarged scale, showing the magnetic head thus 
manufactured. It should be noted that in Fig. 6, the 
reproducing head is omitted. Referring to Fig. 6, the gap 
depth (x) is set at 3.5 JJ. m, and the distance (y) between 
the front end of a connection area in which the end portion 
21 is connected to the rear portion 23 of the upper 
magnetic core and the face, opposed to a medium, of the 
upper magnetic core is set at 0.5 }JL m. The distance (y) is 
preferably in a range of 0.2 to 1.5 /zm. 

Fig. 7 schematically shows the accomplished thin 
film magnetic head. A magnetic disk apparatus exhibiting 
an areal recording density of 10 Gbit/in 2 was manufactured 
by using such a thin film magnetic head. The detail about 
Fig. 7 has been already above-stated. 

A magnetic disk apparatus exhibiting an areal 
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recording density of 5 Gbit/in 2 or more can be manufactured 
by using the above-described thin film magnetic head. 



